INTRODUCTION
Postthyroidectomy hypocalcemia is a common complication after thyroidectomy, although thyroidectomy is still a safe procedure. It is usually transient but some cases can become permanent due to loss of functioning parathyroid gland. This can cause significant discomfort in affected patients who will eventually need to take oral calcium and vitamin D for a long time [1] . The possible causes of hypocalcemia are injury to the parathyroid glands or its blood supply, extensive resection, neck dissection with total thyroidectomy, Graves' disease, carcinoma, and hemo-thesurgery.or.kr 66 (7.6) Values are presented as mean ± SD (range) or number (%). CLND, central lymph node dissection; MRND, modified radical neck dissection.
dilution [2] [3] [4] [5] [6] [7] . Among them, parathyroid gland injury is the most common factor for developing hypocalcemia. To minimize parathyroid injury, an attempt to look for all the parathyroid glands and preserved their blood supply should be made during the operation. However, it is difficult to find all parathyroid glands and to preserve these identified parathyroid glands due to the high probability of inflicting damage to their blood supply during the search process and dissection. Also, the extent of thyroidectomy and node dissection increases the likelihood of damaging the blood supply of the parathyroid glands [2, 3] . Many reports have stated that parathyroid autotransplantation can reduce the incidence of hypocalcemia, when unintentionally removed or devascularized parathyroid glands were found during operation [8, 9] .
Sometimes, parathyroid glands may be found within the postoperative specimen, when it was unknowingly removed with the thyroid or lymph node during the operation [10] . It is interesting to know how many parathyroid glands should be preserved in situ in order to prevent postoperative hypocalcemia. The aims of this study were to determine the incidence of and to evaluate the risk factors for hypocalcemia after total thyroidectomy and node dissection for thyroid cancer; to investigate the incidence of hypocalcemia according to the number of preserved parathyroid glands; and to investigate how many parathyroid glands should be preserved to prevent postoperative hypocalcemia. ized in Table 1 .
METHODS
The standard initial surgical procedure done was extracapsular thyroidectomy and meticulous trachea-esophageal groove dissection. During the operation, all attempts were made to identify all the parathyroid glands and preserve their blood supply [2, 11] . If it was necessary to remove the parathyroid gland due to its proximity to the cancer or its unintentional devascularization, the removed parathyroid gland was immediately autotransplanted into the sternocleidomastoid muscle. The handling of the parathyroid glands during operation were described into 5 types. The preserved type was defined as identifying a grossly tan parathyroid gland with intact blood supply after the operation (Fig. 1) . The color changed type was defined as parathyroid gland looking grossly congested and was judged as having low chance of survival. The autotransplantation type was defined as isolated parathyroid gland being implanting into the sternocleidomastoid muscle due to inadvertent gland removal, accidentally severing the parathyroid gland's blood supply during surgery or the gland was located in the anterior portion of the thyroid lobe and was receiving its blood supply from the thyroid gland [2] . The removed type was defined as parathyroid gland being removed with the thyroid gland due to its proximity to the cancer or was in- Values are presented as number (%) or mean ± SD. NS, not significant; MRND, modified radical neck dissection. function, even though parathyroid glands were autotransplanted in two cases and the discolored parathyroid glands were left in situ without autotransplantation in two cases. Significantly more hypocalcemia developed in patients who had more dissected lymph nodes, and who had less preserved parathyroid glands. Graves' disease, thyroiditis, multifocality of lesion, and extrathyroidal extension of the lesion were not correlated with the development of hypocalcemia (Table 3) .
RESULTS

During
One hundred ninety-one patients had four intraoperatively identified parathyroid glands without any parathyroid autotransplantation being done. These patients were divided into three groups based on the number of preserved parathyroid glands (as described above) in order to know if the number of preserved parathyroid glands had an effect on the incidence of postoperative pg/mL on POD 1, then rose to 9.19 ± 0.37 mg/dL, 1.14 ± 0.15 mM/L, and 31.13 ± 9.85 pg/mL, respectively (Fig. 2) . In group I, the results of the all blood tests were decreased to within the normal range on the first day after total thyroidectomy and were completely restored as similar values of group II and group III on the 7th day. There were no statistical differences in the parameters measured between group I, group II and group III on the 7th day. Two patients could not found one of the parathyroid gland and hypocalcemia occurred in both patients. Thirty three patients had one identified parathyroid glands and 5 patients The removed central lymph nodes also related hypocalcemia significantly. Hypocalcemia was more common in twelve or more removed central lymph nodes (Table 5) .
DISCUSSION
The incidence of thyroid surgery has increased in recent years due to the widespread use of ultrasonographic screening procedures. Thyroidectomy has been performed safely because of technical improvements and better knowledge of thyroid anatomy [11] , however, postoperative complications can still occur even with experienced surgeons. The well known complications that can occur after thyroid surgery are bleeding, parathyroid insufficiency, and injury to the recurrent laryngeal nerve [2, 3, [12] [13] [14] .
Among them, parathyroid insufficiency is somewhat problematic in that the preservation of parathyroid glands particularly difficult during total thyroidectomy, because of the difficulty in identifying the normal parathyroid glands and in preserving their blood supply even with meticulous dissection.
The incidence of transient and permanent hypocalcemia in this paper was 9.2%, and 0.5%, respectively. The frequency is comparable to previous reports of patients who had thyroidectomy [5, 7, 11, 15, 16] . The patients with transient hypocalcemia were given oral calcium and vitamin D supplements to stabilize their calcium levels, thereafter, spontaneous normalization of their serum calcium levels gradually occurred within 1 month. The better known risk factors of postoperative hypocalcemia are parathyroid injury, parathyroid devascularization, extensive lymph node dissection, and Graves' disease [2] [3] [4] [5] [6] 17, 18] . It was known that patients with Graves' disease were associated with a higher incidence of postoperative hypocalcemia [4, 7] . In the present study, 21 patients have been treated for Graves' disease at the time of operation. The incidence of hypocalcemia was 19.0% among patients with Graves' disease, which was higher than the incidence of hypocalcmia in patients without Graves' disease (9.5%). However, there was no correlation between the presence of Graves' disease and the development of hypocalcemia.
In the present study, the risk factors for developing [4] emphasized that at least 2 parathyroid glands should be identified and preserved to prevent hypoparathyroidism and they found that no additional benefit was evident by having more than two identified and preserved parathyroid glands. In our study, the number of parathyroid gland identified during the operation was zero in 0.2% of cases, one in 3.8% cases, two in 22.6%, three in 39.4%, and four in 33.9%. The rate of preservation of more than one parathyroid gland was 69.7% in one identified parathyroid gland, 76.1% in two, 88.6% in three, and 94.9% in four. The higher the rate of parathyroid gland detection, the more chances of successfully preserving the parathyroid glands. The surgeon should make an attempt to identify as many of the parathyroid glands as possible.
Attie and Khafif [11] suggested that at least two functional parathyroid glands were necessary to avoid hypocalcemia, and Wingert et al. [7] suggested that resection of at least 2 parathyroid glands increased the risk of hypocalcemia. Kihara et al. [19] evaluated 83 patients wherin parathyroid preservation was attempted, and the number of successfully preserved parathyroid glands was 1.7, similar to what was achieved in our study. The incidence of permanent hypoparathyroidism in their study was 1.2%.
No permanent hypocalcemia occurred among patients with at least one preserved parathyroid gland in our study.
They reported that the serum calcium decreased to the low normal levels, and the serum iPTH levels were reduced to below the normal range in some of their patients with one or two preserved parathyroid glands on POD 1. In the group who had below normal iPTH levels, recovery towards their preoperative values was almost complete at 30 days after the operation. But in the group whose iPTH levels fell below the detectable limit, the parathyroid function recovered to only 70% of their preoperative values [19] . In our study, in the group I and II patients with transient hypocalcemia, the serum calcium, ionized calcium, and iPTH levels were reduced within one day after operation, and return to the similar range within seven day as other studies [6, 7, 20] , and there are no different levels between two groups. In some patients with one preserved parathyroid gland, the serum iPTH levels were reduced to below the normal range but not to below the detectable limit and they were able to completely recover to the normal range.
In conclusion, the number of preserved parathyroid glands is the most important factor for predicting permanent hypocalcemia and we found that only one functional parathyroid gland was needed to avoid permanent hypocalcemia. Even if all the parathyroid glands cannot be completely accounted for, the surgeon should make an attempt at identifying and preserving parathyroid glands without damaging their blood supply.
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